A best evidence topic was written according to a structured protocol. The question addressed was whether the thoracoscopic phase of three-stage minimally-invasive esophagectomy is best performed in the prone or left lateral decubitus position. A total of 31 papers were found using the reported searches, of which seven represented the best evidence to answer the clinical question. The authors, date, journal, study type, population, main outcome measures and results are tabulated. We conclude that there is no convincing evidence that prone thoracoscopic esophagectomy is superior to left lateral decubitus positioning. Four papers retrospectively compared the prone and lateral techniques, and while the authors suggested that the prone position was associated with better surgical ergonomics due to the effects of gravity pooling blood outside the operative view and the reduced need for lung retraction, outcomes were not significantly different. All four studies had significant limitations, such as small patient populations and sequential operating with the possible effect of a learning curve. Two studies compared respiratory and haemodynamic changes associated with prone positioning and suggest that it is physiologically well tolerated and may offer better oxygenation, similar to that seen in the prone positioning of acute respiratory distress patients. The evidence for prone thoracoscopic esophagectomy is currently not mature enough to reach any significant conclusions, and randomized studies are required.
Introduction
A best evidence topic was constructed according to a structured protocol. This protocol is fully described in ICVTS [1] .
Clinical scenario
While presenting your five-year esophagectomy data at a conference in Japan, a colleague asks if you have considered whether prone esophageal mobilization would produce better results. You resolve to check the literature yourself.
Three-part question
In 
Search strategy
Search strategy using Medline from 1948 to January 2011 using the OVIDSP interface (exp esophagectomy/OR oesophagectomy.mp OR esophagectomy.mp) AND (exp prone positioning/OR prone.mp). Reference lists of key articles were also searched for references.
Search outcome
Thirty-one papers were found using the above search. From these, seven papers written in English were identified that provided the best evidence to answer the question. These are presented in Table 1 .
Results
Watanabe et al. [2] conducted a prospective randomized trial in which all patients undergoing three-stage open esophagectomy (in the lateral decubitus position) who were hypoxemic and still ventilated on day 5 were randomized to being positioned in either the prone (n = 8) or the supine (n = 8) position for four consecutive days. The prone group were placed prone for six hours a day for four consecutive days. This group showed significantly better oxygenation and improved outcomes (shorter ventilation and postoperative stay). The trial was small, and to some degree the positive conclusions can only be applied to postoperative hypoxemic esophagectomy patients rather than intraoperative positioning, which is the main focus of this best evidence topic.
Kuwabara et al. [3] have published the largest analysis available in the literature comparing prone and lateral thoracoscopic esophagectomy. Their retrospective analysis of 98 consecutive esophagectomies includes three methods: 18 patients who underwent esophagectomy in the left lateral position using a flexible thoracoscope and a single TV monitor; 58 patients who underwent esophagectomy in the left lateral position using a 30° scope; and 22 patients who underwent prone esophagectomy with a 30° scope. They found that esophagectomy in the prone position was significantly superior in terms of blood loss, respiratory tract complications, postoperative length of stay and number of lymph nodes harvested. Subjectively, they also commented that the prone technique was felt to afford the best operative field. The three groups were operated on sequentially, meaning that a learning curve may have been responsible for the advantages seen in the prone group.
Noshiro et al. [4] retrospectively reviewed 43 patients undergoing prone esophagectomy between December 2007 and December 2009. This was retrospectively compared with 34 patients undergoing left lateral esophagectomy (as a historical control) between January 2006 and November 2007. The prone esophagectomy group had significantly less blood loss, but there was no difference in short-term mortality or perioperative complications. Thoracoscopy time was significantly longer, but the authors felt that the prone technique provided better surgical ergonomics and surgical exposure, especially around the left recurrent laryngeal nerve. They used identification and exploration of the left subclavicular artery as a marker of good lymph node dissection, and within the prone group, there was a significantly higher number of patients in whom adequate identification and exploration of this vessel took place. The significant limitation of this paper is that the prone esophagectomy data are compared with older historical data from a time in which the operating surgeons may well have been at a less advanced stage on the learning curve of esophagectomy.
Kim et al. [5] retrospectively reviewed a 21-case series of patients who underwent robotic prone thoracoscopic esophagectomy. They measured a number of respiratory and hemodynamic parameters during the prone positioning process. They found that the prone position led to an elevation of central venous pressure and mean pulmonary artery pressure, and a decrease in static lung compliance. However, cardiac index and mean arterial pressure were maintained, with an acceptable range of partial pressure of arterial oxygen and carbon dioxide. The clinical outcomes reported were not considered relevant to list for this best evidence topic as the number of patients was small and they were not compared with a group of patients in the lateral position. The overall conclusion of benefit is that perioperative hemodynamics will remain stable in prone patients during esophagectomy.
Fabian et al. [6] retrospectively reviewed 32 non-randomized patients who underwent minimally invasive esophagectomy. Eleven operations were performed in the left lateral decubitus position and 21 in the prone position. They found that thoracoscopy time in the prone group was significantly shorter than in the lateral decubitus group. Despite this, the overall operation time in the prone group was not shorter, which was attributed to the increased time required in repositioning the patient from prone to supine. There was no difference in the number of lymph nodes harvested, complications, length of stay or intraoperative blood loss. The authors commented that the effect of gravity in prone mobilization eliminated the need for a skilled assistant, as blood pools outside the operative field and the lung requires no retraction. The difficulty in converting to open thoracotomy was highlighted as a negative point for prone positioning. The final two papers are by Palanivelu et al. [7] (prone thoracoscopic esophagectomy) and Luketich et al. [8] (lateral decubitus thoracoscopic esophagectomy). The significance of these papers is that they are the largest series in the literature for their specific technique. The lack of randomized trials in all aspects of esophageal cancer surgery means the comparative results of these two papers should be taken seriously, but with an appreciation of the limitations of non-randomization and differing patient populations. Both papers report very similar outcomes in terms of intensive therapy unit stay, postoperative stay and mortality. However, the results reported by Palanivelu et al. are superior when looking at anastomotic leak, tracheal injury and incidence of pneumonia. The authors suggest that better ergonomics and visibility with the prone technique account for this, and that the low rate of respiratory complications may be because they did not need to use one-lung ventilation for the procedure, such was the improved visibility.
Clinical bottom line
The studies comparing the prone and lateral technique are small in size, have significant limitations and do not suggest that either technique is superior in terms of outcomes. Four papers subjectively comment that the prone position is associated with better surgical ergonomics due to the effects of gravity pooling blood outside the operative view and the reduced need for lung retraction. The large case series by Palanivelu et al. suggests that these benefits may bring clinical advantages. The wide variety in reported outcomes reinforces the need for randomized trials to more accurately establish differences and outcomes between the two methods.
